We studied the effect of rapid sequence induction of anaesthesia on intraocular pressure in physically fit, ASA class I or II patients using combinations of sufentanil (1 pg/kg) or fentanyl (5 pg/kg) and vecuronium (0.2 mg/kg) or atracurium (1.0 mg/kg). All patients received thiopentone (5 mg/kg),following which those in group 1 received sufentanil and vecuronium, group 2 sufentanil and atracurium, group 3 fentanyl and vecuronium, and group 4 fentanyl and atracurium. Laryngoscopy and intubation were performed 60 seconds after induction. Intraocular pressure was measured prior to induction, 30 and 60 seconds after induction, immediately after intubation, and postintubation for 5 minutes. Postinduction and postintubation intraocular pressure values in all four groups did not exceed baseline values. We conclude that in fit patients, the combination of thiopentone, moderate dose narcotics, and an appropriate dose of vecuronium or atracurium produces satisfactory conditions for intubation following rapid sequence induction without increases in intraocular pressure. This technique should not, however, be employed when multiple other injuries are present, along with an open eye.
Patients with an open eye injury requmng emergency surgical repair continue to present a challenging problem to the anaesthetist. Appropriate management requires protection both against gastric aspiration and sudden increases in intraocular pressure (lOP). Rapid sequence induction using large doses of the nondepolarizing muscle relaxants vecuronium or atracurium is feasible, 1 and these relaxants themselves have no adverse effects on IOP. 2 A recent study demonstrated that several IV induction agents used in conjunction with atracurium and intratracheal lignocaine were effective in preventing a hypertensive lOP response to intubation. 3 Moderate doses of the opioids sufentanil and fentanyl have been demonstrated to attenuate cardiovascular stress response to intubation,4-7 and opioids are known to °M.D., Associate Professor of Anesthesioiogy. tM.D., Research Fellow in Anesthesioiogy. decrease IOP.8 Therefore, we prospectively studied combinations of moderate dose sufentanil or fentanyl with vecuronium or atracurium following thiopentone as part of a rapid induction sequence and assessed subsequent effects on lOP, intubating oonditions, and cardiovascular stability.
MATERIALS AND METHODS This study was approved by the institution's Human Investigation Committee. Written informed consent was obtained from each patient. Forty adult unpremedicated patients between the ages of 19 and 68 undergoing elective nonophthalmologic surgical procedures were randomly assigned into four groups of ten each. All patients were ASA class I or 11.
Baseline lOP measurements were obtained from each patient by pneumotonometry (Digilab Model 30 RT, Precision Electronics) after topical application of tetracaine ophthalmic solution 0.5%. After placement of electrocardiogram leads and an automated blood pressure cuff (Dinamap® model 845, Critikon, Inc.) a three-minute period of mask preoxygenation was begun. Cricoid pressure was applied, and rapid sequence induction of anaesthesia was performed with successive IV bolus injections of thiopentone 5 mglkg, opioid (either sufentanil IJ.lglkg or fentanyl 5J.lglkg), and muscle relaxant (either vecuronium 0.2 mglkg or atracurium 1.0 mglkg). lOP was measured 30 and 60 seconds after induction with intubation performed immediately following the 60 seconds measurement. Ventilation was controlled with 67% N 2 0 in 02 to maintain end-tidal CO 2 (ETC0 2 monitored with Hewlett-Packard model 4731 O-A) between 35 and 40 mmHg for the duration of the study period. Additional lOP measurements were recorded immediately after intubation, every 30 seconds in the first three minutes and every minute for the remaining two minutes until five minutes had elapsed following intubation. Systolic, diastolic, and mean arterial blood pressure (MAP), heart rate (HR), and ETC0 2 were recorded at the time of each lOP measurement.
Patients in group 1 received the combination of sufentanil and vecuronium, group 2 received sufentanil and atracurium, group 3 received fentanyl and vecuronium, and group 4 received fentanyl and atracurium.
The quality of intubating conditions was assessed by a blinded observer at the time of intubation.
Statistical methods
Baseline group characteristics were compared using one-way analysis of variance (ANOV A). Changes in lOP, HR, and MAP after induction were compared to the baseline value within each group using ANOV A and multiple t-tests and Duncan's method of analysis. P < 0.05 was considered significant.
RESULTS
There were no significant differences between the four groups in age or weight. Baseline (awake) lOP in group 2 was significantly higher than in groups 1, 3 or 4 ( Table 1) .
At no time in any group did any of the postintubation lOP values exceed the baseline value (Table 1 ). In groups 1 and 2, all lOP means following the I-minute postintubation value were significantly lower than the baseline means. The highest postintubation lOP occurred immediately after intubation in all but group 3. In all groups, the two postinduction (preintubation) lOP values were significantly less than the baseline lOP.
Baseline heart rate (HR) did not differ significantly between the four groups. In group 1, no significant change in HR was seen. In the remaining three groups, significant increases in HR were observed postintubation. These increases resolved within 5 minutes of intubation.
Baseline mean arterial pressure (MAP) in group 4 was significantly lower than in groups 2 or 3 ( Table  2) . No significant increases in MAP compared to baseline values were observed in response to intubation. In groups 1 and 2 significant decreases in MAP occurred within 1.5 minutes of intubation.
Intubation scores (Table 3 ) were good to excellent in all forty patients 60 seconds after induction. Two patients in group 1 and four in group 4 had slight diaphragmatic movements after intubation. However, the cords were well abducted and good visualization was obtained in these patients. The course ofIOP in these six patients did not differ significantly from that of the others in their respective groups.
Four patients (one in group 1, one in group 2, and two in group 4) required ephedrine for decreased blood pressure, and all responded promptly.
Chest wall rigidity was not observed. Three patients (two in group 2 and one in group 3) required naloxone at the end of their surgical procedures to facilitate extubation. In two of these cases the duration of surgery was 75 minutes. In the third, the duration was 105 minutes, but additional doses of sufentanil had been administered during the procedure. No other intra-or postoperative respiratory complications were observed.
The most common side-effect observed was a 'flush' reaction, presumably due to the administration of atracurium and subsequent histamine release. This reaction occurred in twelve of twenty patients receiving atracurium 1.0 mg/kg (four in group 2 and eight in group 4). It was not observed in the groups which received vecuronium.
DISCUSSION
The use of suxamethonium in open globe injury remains controversial. Suxamethonium causes an increase in lOP and has led to expulsion of vitreous hurnor in patients with open globe injury. [9] [10] [11] [12] No technique reported to date has consistently prevented the increase in lOP secondary to the administration of suxamethonium. 13 Reported methods have included pretreatment with gallamine or d-tubocurarine, 14-16 pancuronium, 17 a self-taming dose of suxamethonium,18.19 diazepam,20.21 or lignocaine. 22 • 23 A recent retrospective study appeared to ,demonstrate the relative safety of suxamethonium usage in emergency open eye injury.24 However, the extrusion of eye contents may not be the only undesirable consequence of using suxamethonium in a damaged eye. 25 . 26 Increases in lOP may result in intraocular haemorrhage. 27 The use of nondepolarizing relaxants avoids suxamethonium-induced hypertensive lOP responses.2.28-30 Large doses of atracurium (1.5 mg/kg) or vecuronium (0.25 mg/kg) have been shown to provide adequate intubating conditions in 60 seconds,1 though vecuronium may be preferred because of its cardiovascular stability. 31 The duration of blockade from these doses, as defined by the time interval from administration to recovery of two twitches in the train-of-four, was 71(16) min (Mean [SO]) for atracurium and 83 (27) . min for vecuronium. 1 High-dose pancuronium for rapid sequence induction has the disadvantages of prolonged muscular paralysis and pronounced autonomic side-effects. 32
Use of the 'priming principle' may accelerate the onset of neuromuscular blockade. However, the priming dose itself may cause partial paralysis in an awake patient,33,34 and a case of pulmonary aspiration after a priming dose of vecuronium has been reported. 35 Intubation can cause significant increases in pulse, blood pressure, and IOP.l,2 The results of our study demonstrate the attenuation of both lOP and cardiovascular responses with the use of moderatedose opioids as adjuncts to rapid sequence induction of anaesthesia. The results we report above represent a qualitatively different effect on lOP after intubation when rapid sequence induction is employed using moderate dose opioids (decreased lOP) as compared with identical induction sequences without opioid supplementation (increased IOP). 2 The combination of sufentanil and vecuronium best limited the lOP, HR, and MAP response to laryngoscopy and intubation. Bradycardia and asystole, however, have been reported following rapid administration of sufentanil and vecuronium. 36 Those patients also received betaadrenergic and calcium channel blockers, and the doses of sufentanil (250-7 50 ~g). used, for induction of anaesthesia for cardiac surgery, were far in excess of the doses employed in our study, A recent study3 reported that thiopentone (5-7 mglkg) , etomidate (0.3 mglkg) , or ketamine (2 mglkg) , in conjunction with atracurium (0.6-0.8 mglkg) , effectively blunted the lOP response to intubation at 90 seconds when used as part of a rapid induction sequence. In that study, all patients received either IV or intratracheal lignocaine as well, making it uncertain exactly what effect various agents had on the suppression of lOP responses to intubation. Also, lOP was not measured directly, but rather was obtained by converting intraocular tension to lOP using a nomogram.
To conclude, the results we report indicate that rapid sequence induction of anaesthesia with intubation 60 seconds after induction can be performed with no increase in lOP and relative cardiovascular stability using thiopentone, moderate-dose opioids, and intermediate-duration nondepolarizing relaxants. Adverse effects in fit patients appear relatively minor. For induction of anaesthesia in patients requiring emergency ophthalmologic surgery due to the presence of an 'open eye' without other injuries, use of this relatively simple, straightforward technique of anaesthesia induction may be of value for protection of both the airway and the eye.
